The nonlinear seismic behavior of torsionally asymmetric reinforced concrete 3-D multistory buildings constructed from Normal-Strength Concrete (NSC) with characteristic cylinder compressive strength f c ' = 25 MPa and from High-Strength Concrete (HSC) up to f c ' = 100 MPa has been studied. In addition, the applicability of the Static Equivalent Lateral Force (SELF) methods used by the seismic codes in Europe (EC-8), in the United States (ASCE/SEI 7-16) and in Egypt (ECL-2012) have been examined when applied to torsionally asymmetric multistory buildings constructed from NSC and HSC. Inelastic dynamic analysis computer program has been used to solve the nonlinear equations of motions for two models of 3-D multistory buildings with different eccentricity (e equal to 0.10L, 0.15L, and 0.20L) and constructed from NSC and HSC. Many real and artificial earthquake records with wide ranges of frequency content have been selected as input ground motions, from them two suitable earthquake records have been used in the dynamic analysis. The results showed that increasing the design concrete strength from NSC ( f c ' = 25 MPa) to HSC ( f c ' = 75 MPa), generally decreases the average story displacement and the average story drift along the height of the models. The allowable limits of the story drift adopted by ASCE/SEI 7-16, EC-8 and ECL-2012 are conservative when applied to torsionally asymmetric NSC and HSC buildings with the studied eccentricities. The SELF method of ECL-2012 was unconservative especially for the upper stories when applied to torsionally asymmetric NSC and HSC multistory buildings with the studied different eccentricities while the SELF methods of ASCE/SEI 7-16 and EC-8 were conservative when applied to torsionally asymmetric NSC and HSC multistory buildings.
1-INTRODUCTION
When the center of mass and center of rigidity does not coincide, eccentricities are developed in the buildings which further generate torsion and the structure is so-called torsionally asymmetric (with horizontal irregularity). Structural irregularities may vary dramatically in their nature and, in principle, are very difficult to define. Regarding buildings, for practical purposes, major seismic international codes, in the United States, the International Building Code (IBC-2018) [1] which uses the requirements of the American Society of Civil Engineers and Structural Engineering Institute (ASCE/SEI 7-16) [2] , in Europe, Eurocode 8 (EC-8) [3] and in Egypt, the Egyptian Code for Loads (ECL-2012) [4] , distinguish between irregularity in plan and in elevation. Many real reinforced concrete structures are usually torsionally asymmetric since symmetrical buildings is an idealization that is very rare because of architecture or environments considerations. When these buildings are subjected to lateral loads, then the phenomenon of torsional coupling occurs due to the interaction between lateral loads and resistant forces. Torsional coupling generates greater damage in the buildings as demonstrated by many real earthquakes [5, 6] . Recently, the use of HSC (f c ' > 50 MPa) has increased significantly in tall buildings due to its improved performance characteristics when compared with NSC [7] . HSC has many benefits, both in performance and cost-efficiency, so HSC advantages are a reduction in structural element size, reduction in amount of longitudinal reinforcement, decreased time necessary for concrete's formwork. Therefore, the use of HSC provides slenderer elements with lower stiffness which may lead to many questions about the seismic behavior of torsionally asymmetric R/C buildings constructed with HSC. In comparison with research efforts dealing with NSC torsionally asymmetric structures [8] [9] [10] [11] [12] [13] , the seismic behavior of HSC buildings is very limited in the literature [14] .
The main objective of the present study is to compare the overall seismic response of torsionally asymmetric 3-D multistory buildings constructed from NSC (with f c ' = 25 MPa) and HSC (with f c ' up to 100 MPa) with different eccentricity (e equal to 0.10L, 0.15L, and 0.20L). The applicability of the Static Equivalent Lateral Force (SELF) methods and the story drift limits used by the seismic codes in Europe (EC-8), in the United States (ASCE/SEI 7-16) and in Egypt (ECL-2012), have been also examined when applied to NSC and HSC torsionally asymmetric multistory buildings.
2-SELF METHODS, PERIOD OF VIBRATION EQUATIONS AND STORY DRIFT LIMITS ADOPTED BY THE SEISMIC CODES 2.1 ASCE/SEI 7-16
The total base shear V can be calculated using the following equation:
(1) (Where Cs is the seismic response coefficient, W is the design seismic weight of the structure (W is taken equal to the total dead load and 0.25 of the live load).
(2) Where S DS is the design spectra response acceleration at short periods, R is the response modification factor (R = 7 for special reinforced concrete shear walls), I e is the occupancy importance factors that depend on the risk category ( I e =1.0 for risk category II).
The seismic response coefficient, C S not exceed the following equation:
(4) C s shall not be less than:
(5) For structures located where S 1 is equal to or greater than 0.6g, C S shall be not less than: (6) Where is the design spectra response acceleration at a period of 1.0 s, is the long period transition period (s), the mapped maximum considered earthquake spectral acceleration parameter and T is the fundamental period of vibration of response the structure and can be calculated from the following equation: (7) where is the total height of the building and is a factor range from 0.0466 to 0.0731, while x varies from 0.75 to 0.9 according to structure type, =0.0488 and x =0.75 (for all structure systems).
The design spectral response acceleration at a short period :
(8) The design spectral response acceleration at one second period :
(9) Where the values of and (site coefficient) according to site class D and spectral response acceleration parameters and . The base shear V is distributed over the height of the building according to:
is the weight of story level, is the story height distance from the base of the structure to story level and k is exponent applied to building height. The value of k depends on the value of the building period, T, used for determining the base shear. If T ≤ 0.5 seconds, k = 1. If T ≥ 2.5 seconds, k = 2. If 0.5< T < 2.5 seconds, k is linearly interpolated between 1 and 2.
According to this code, the allowable story drift taking into account the life-safety and damage control objective which limited as follows:
For structures in risk category I or II: (11) For risk category III: (12) , and for IV:
(13) Where is the story height below level x.
EC-8
is the ordinate of the elastic design response spectrum given by the code for the fundamental period of the building, W is the design seismic weight of the structure as recommended in this code and is the correction factor and the building has more than two stories or otherwise. The design response spectrum shall be determined as follows:
where is the ordinate of the design spectrum for the reference return period and limited to gravity acceleration, is the design ground acceleration on type A ground , S is the soil factor, is lower bound factor the horizontal design spectra ( ), and are the constant limits for elastic response spectrum, is the limit value for the start of constant displacements of the spectrum and T is the fundamental period of vibration of the building and shall be determined from: (19) is equal to 0.075 for space reinforced concrete frames and equal 0.05 for dual systems, is the behavior factor (q= ٦ for R.C dual systems). The calculated base shear shall be distributed over the height of the building in conformance with the following equation: (20) The story drift dr should be limited as follows: For buildings having non-structural elements of brittle materials attached to the structure (such as unreinforced masonry):
(21) For buildings having non-structural elements of ductile materials:
(22) For buildings having non-structural elements fixed in a way that does not interfere with structural deformations:
(23) where ν is a reduction factor equal to 2.5 and 2.0 for importance categories (I, II) and (III, IV), respectively.
ECL-2012
The provision of ECL-2012 is similar to that of EC-8. The total base shear F b can be calculated as follows:
(24) Where W is the equivalent structure weight and is the design response spectrum and shall be determined as follows:
where is the design ground acceleration, T is the fundamental period of the building and shall be determined from Eq. ( ), H is the total height of the building, and are the constant limits for elastic response spectrum, is the limit value for the start of a displacement of the spectrum, R is the response modification factor according to the structural system (R=5 for R.C. dual system) and is the damping design factor ( =1 for RC Structure).
The calculated base shear shall be distributed over the height of the building in conformance with Eq. (20) . The limits of the story drift are similar to that given in EC-8.
3.ANALYTICAL MODELING
The finite element computer program ETABS-17.1) [15, 16] was used to calculate the story displacement, story drift and story shear of 3-D building examples of the present study. In this program, the structure is modeled as a 3-D assemblage of elements connected by a finite number of deformable elements, or members. The effect of axial force on yield moment was considered for each column. The P-effects are included. Shear and axial deformations are neglected. The structure mass is lumped at the nodes, and the mass matrix is diagonal. The stiffness properties of individual members are controlled by the rules of the Takeda hysteresis model [17] . The damping matrix was expressed as a linear combination of the mass and stiffness matrices, and the coefficients were selected to give 5% of critical damping in the first two vibrational modes. The differential equation of motion is formulated in incremental form and integrated using a smalltime interval. For NSC and for HSC in compression, the model suggested by Daniel and Patrick [18] is adopted. This model neglected the effect of confinement on concrete strength. For this model, the value of the strain at a maximum strength of unconfined concrete is taken equal to 0.002 and the value of the strain for half of the maximum strength of unconfined concrete is taken equal to 0.004. The modulus of elasticity for NSC and HSC can be calculated using the equations recommended by the ACI 318-14 building code [19] and the ACI Committee 363 [7] , respectively. For concrete in tension, the model used by Massicotte et al. [20] is adopted. This model can be expressed by three linear parts defined by the slope of the line and the calculated value of the tensile strength of concrete f t . For NSC and HSC, f t can be calculated, respectively, from the equations suggested in references [19] and [7] . For the steel reinforcement bars, a trilinear stress-strain relationship is adopted. The modulus of elasticity of the steel bars is taken equal to 200 KN/mm 2 . The adopted model of pullout for the steel bars is that suggested by Fillippou et al. [21] .
INPUT EARTHQUAKE RECORDS
In this study, the seismic analyses have been carried out using two different earthquake records. The first earthquake record is the Imperial Valley North-South component of the 1940 EL Centro (peak ground acceleration (PGA= 0.35g). The acceleration time history of this earthquake is shown in Fig. 1 . This was chosen from four different earthquake records (El-Centro, Parkfield, New Mexico, and San Fernando) to match the "highest design level" earthquakes in the United States according to the ASCE/SEI 7-16 and in Europe according to EC-8 (regions of ductility class "High" required by EC-8). The second earthquake is an artificial earthquake record having peak ground acceleration of 0.3g and duration of 20 seconds and is chosen to represent the "probable design level" earthquakes for zone 5b in Egypt according to the ECL-2012. A response spectrum shape for soil type C (dense or medium-dense sand, gravel or stiff clay soils) with damping ratio 5% according to the ECL-2012 was taken as the target spectrum for this artificial earthquake. Twelve artificial acceleration time histories for different percentages of spectral values (Sv%) were generated using the computer program SIMQKE [22] . In order to choose the "Moderate Earthquake" as required by the ECL-2012, a time history analysis of Example 1 and 2 using these artificial earthquakes and the N-S component of El-Centro earthquake were compared. The artificial earthquake with (33%Sv) shown in Fig. 2 can be considered as that suitable for zone 5b in Egypt. The generated and target response spectra for this artificial earthquake are shown in Fig. 3 . 
3-BUILDING EXAMPLES
Two examples of reinforced concrete 3D multistory asymmetric buildings were used in the analysis of this study. The first example consists of one 12-story ductile moment-resisting frame and two 12-story dual systems as shown in Fig. 4 . Table 1 describes the dimensions and details of the frames and the dual system of this example [23] . The columns, beams and shear walls of this example for the different cases (NSC with fc' = 25 MPa, HSC with fc' = 75 MPa and VHSC with fc' =100 MPa) were designed according to the requirements of ACI 318-14 building code [19] . Longitudinal steel bars with yield strength equal to 400 MPa were used for all the members of this example. This example was analyzed under earthquake time histories in the horizontal direction (Y-axis). In this example, the shown shear wall W1 was kept constant while the dimensions of the second shear wall W2 was changed to get the required eccentricity (e). For each case changing the width of shear wall (W 2 ) changed the eccentricity of the building example. The studied eccentricities (e = 0.10L, 0.15L and 0.20L) were chosen in order to study the limit determined by ECL-2012 to distinguish torsionally regular from irregular multistory buildings. It should be noted that according to ECL-2012 the building with e/L≤ 0.15 is considered as torsionally regular while for e/L> 0.15 the building is considered as torsionally irregular.
The second example is twelve stories asymmetric building has square in plan with dimensions (25m x 25m) with a symmetrical plan arrangement in columns and shear walls as shown in Fig.  5 . The slab is a flat slab of thickness equal to 18 cm. the marginal beam of all floors is (25*70) cm. Table 2 shows columns and shear walls dimensions [8] . The place of the left shear wall remains constant in plan without change, while the place of the right shear wall W R is changed to get the studied eccentricity e. It should be noted that the place of the right shear wall W R is changed by a distance equal to 2.5 m to the right to get the case of e/L = 0.05 and additional 2.5 m to get the case of e/L = 0.10, and so on.
For each example, two cases (Case-I and Case-II) were considered under the horizontal N-S component of El Centro 1940 and the artificial earthquake record of Egypt. In Case-I, the crosssections of the columns, beams and shear walls of the first story of the building example were designed using NSC (with fc' equal to 25 MPa) and reduced the cross section along the height of building. Three values of the design concrete strength were considered without changing the cross-sections of the building example (NSC with fc' equal to 25 MPa, HSC with fc' equal to 75 MPa and VHSC with fc' equal to 100 MPa). In Case-II, the cross-sections of the building example were changed according to the variation of the design concrete strength. It should be noted that the first part of the symbols shown in the following figures refers to the case condition (I: Case-I and II: Case-II). The second part refers to the design concrete strength (N: NSC = 25 MPa, H: HSC = 75 MPa and VH: VHSC=100 MPa) and the third part refers to the studied concrete strength. All the cases analyzed with different static eccentricity (e) 0.0L, 0.10L, 0.15L, and 0.20L. 
4-OVERALL RESPONSE OF TORSIONALLY ASYMMETRIC NSC AND HSC 3-D MULTISTORY BUILDINGS 6.1 Effect of Concrete Strength on the Story Displacement and Story Drift
The envelopes of the story drift along the height of the building Example-1 due to the variation of the concrete strength for Case-I and Case-II under N-S component of EL Centro 1940 earthquake and the artificial earthquake of Egypt for different e/L ratio as shown in Fig. 6 to 9 . Increasing the actual concrete strength from NSC to HSC generally reduced the average story displacement and also the story drift along the height of the building for different e/L ratios. For Case-II, it can be seen that for (e/L) equal to 0.0, increasing the concrete strength from NSC to HSC resulted in a reduction in the average story drift by 32.14 %, while increasing the concrete strength from HSC to VHSC resulted in growth about 1.72%. For (e/L) equal to 0.10, increasing the concrete strength from NSC to HSC resulted in a reduction in the average story drift by 32.14 %, while increasing the concrete strength from HSC to VHSC resulted in a reduction by about 4.52 %. For (e/L) equal to 0.15, the ratio of the reduction of the average story drift became 33.15 % when increasing the concrete strength from NSC to HSC, while for (e/L) equal 0.20 the reduction value became 30.34%. Under the artificial earthquake, the reduction in the story drift due to increasing the concrete strength was relatively small compared with that resulted from the El-Centro earthquake. This was due to the low-frequency content of the artificial earthquake.
The envelopes of the story drift along the height of the building Example-2 due to the variation of the concrete strength for Case-I and Case-II under N-S component of EL-Centro 1940 earthquake and the artificial earthquake of Egypt are shown in Figs.10 to 13 for different e/L ratio. Increasing the actual concrete strength from NSC to HSC generally reduced the average story drift along the height of the building for different e/L ratio. For Case-II, it can be seen that for (e/L) equal to 0.0, increasing the concrete strength from NSC to HSC resulted in a reduction in the average story drift by 32.17 %, while increasing the concrete strength from HSC to VHSC resulted in a reduction by about 15.86%. For (e/L) equal to 0.10, increasing the concrete strength from NSC to HSC resulted in a reduction in the average story drift by 34.14 %, while increasing the concrete strength from HSC to VHSC resulted in a reduction by about 13.17%. For (e/L) equal to 0.15, the ratio of the reduction of the average story drift became 26.51% when increasing the concrete strength from NSC to HSC, while for (e/L) equal 0.20 the reduction value became 20.41%. Under the artificial earthquake, the reduction in the story drift due to increasing the concrete strength was relatively small compared with that resulted from El-Centro earthquake. In general, the overall response of the story drift for Example-2 for Case-I and case-II along the height of the building is similar to that of the lateral displacement under El-Centro earthquake and also under the artificial earthquake of Egypt for different e/L ratio. Tables 3 and 4 It can be seen that the limit of ASCE/SEI 7-16 and EC-8 codes are considerably conservative for NSC, HSC and VHSC buildings for the two examples with different (e/L) ratios. Comparing the maximum values of the story drift allowed by the ECL-2012 with the envelopes of the story drift of the studied examples under the artificial earthquake record showed that this limit is conservative for NSC, HSC and VHSC buildings for the two cases with different (e/L) ratio.
Effect of Concrete Strength on the Story Shear
The envelopes of the story shear along the height of the building Example-1 due to the variation of the concrete strength for Case-I and Case-II under N-S component of EL Centro 1940 earthquake and the artificial earthquake of Egypt are shown in Tables 5 to 8 for different e/L ratio. For Case-I, it can be seen that increasing the concrete strength from NSC to HSC resulted in a reduction in the average story shear by about 1.89%, 9.73%, 9.95%, and 9.31%, when (e/L) equal to 0.0, 0.10, 0.15 and 0.20, respectively, while increasing the concrete strength from HSC to VHSC increased the average story shear by 6.44%, 3.34%, 2.05%, and 2.65%, respectively. The trend of the story shear due to increasing the concrete strength for this case is not clear. This seems to be due to higher modes effect of EL-Centro earthquake. For Case-II, it can be seen that when (e/L) equal to 0.0, 0.10, 0.15 and 0.20, increasing the design concrete strength from NSC to HSC resulted in a reduction in the average story shear by 28.24%, 30.43 %, 30.60 %, and 25.55 %, respectively, while increasing the concrete strength from HSC to VHSC decreased the average story shear by relatively small values 4.28%, 6.41%, 6.83% and 8.94%, respectively. This showed that the reduction of the cross-sections of the building example due to increasing the design concrete strength resulted in a considerable reduction in the story shear. The reduction rate became very low when increasing the concrete strength from HSC to VHSC. For Case-I, under the artificial earthquake in Egypt, increasing the concrete strength from NSC to HSC resulted in a growth in the average story shear by 6.79%, 31.70%, 37.14% and 49.01% when (e/L) equal to 0.0, 0.10, 0.15 and 0.20, respectively, while increasing the concrete strength from HSC to VHSC decreased the average story shear by 2.77%, 4.14%, 4.85% and 1.62 %, respectively. For Case-II, under the artificial earthquake in Egypt, increasing the concrete strength from NSC to HSC, for the studied e/L ratio, resulted in a reduction in the average story shear by 39.20%, 33.72%, 34.29% and 32.27%, respectively, while increasing the concrete strength from HSC to VHSC decreased the average story shear by 3.43%, 4.06 % , 5.19% and 2.78%, respectively. In general, under the artificial earthquake, the story shear was relatively small compared with that resulted from the El-Centro earthquake. This was due to the lowfrequency content of the artificial earthquake. The envelopes of the story shear along the height of the building Example-2 due to the variation of the concrete strength for Case-I and Case-II under N-S component of EL Centro 1940 earthquake and the artificial earthquake of Egypt are given in Tables 9 to 12 for different e/L ratio. For Case-I, it can be seen that increasing the concrete strength from NSC to HSC resulted in a growth of the average story shear by about 16.84%, 11.78 %, 8.53%, and 22.08%, when (e/L) equal to 0.0, 0.10, 0.15 and 0.20, respectively, while increasing the concrete strength from HSC to VHSC decreased the average story shear by 4.25%, 8.05 %, 4.90%, and 10.43%, when (e/L) equal to0.0, 0.10, 0.15 and 0.20 respectively. The trend of the story shear due to increasing the concrete strength for this case is not clear. This seems to be due to the higher modes effect of the EL-Centro earthquake. For Case-II, it can be seen that the envelopes of the story shear along the height of the building Example-2 due to the variation of the concrete strength for Case-II is approximately similar to Case-I. When (e/L) equal to 0.0, 0.10, 0.15 and 0.20, increasing the design concrete strength from NSC to HSC resulted in a growth in the average story shear by 12.94%, 9.19 %, 6.03% and 17.76 %, respectively, This showed that the reduction of the cross-sections of the building example due to increasing the design concrete strength resulted in a considerable growth in the story shear. The response of the average story shear under the artificial earthquake in Egypt is the same of N-S component of EL Centro 1940 earthquake .while increasing the concrete strength from NSC to HSC resulted in a growth in the average story shear by 13.43%, 11.06%, 22.39% and 28.83% when (e/L) equal to 0.0, 0.10, 0.15 and 0.20, respectively, while increasing the concrete strength from HSC to VHSC decreased the average story shear by4.05%, 2.71% 0.21% and 4.96%, respectively. For Case-II, under the artificial earthquake in Egypt, increasing the concrete strength from NSC to HSC, for the studied e/L ratio, resulted in a growth in the average story shear by 9.05%, 7.31%, 20.55% and 21.16%, respectively, while increasing the concrete strength from HSC to VHSC decreased the average story shear by 6.15%, 1.26%, 5.97% and 2.41%, respectively. In general, under the artificial earthquake, the story shear was relatively small compared with that resulted from the El-Centro earthquake. This was due to the lowfrequency content of the artificial earthquake. The trend of the story shear due to increasing the concrete strength is not clear.
5-EFFECT OF ECCENTRICITY RATIO ON THE OVERALL RESPONSE

Effect of (e/L) Ratio on the Story Drift
As shown from Figs. 6 to 12, increasing the eccentricity ratio (e/L), generally increased the story drift along the height of the building for different concrete strength for the two Examples. From Fig. 6 and Fig. 7 , it can be seen that, for Case-I of Example-1, Increasing the eccentricity ratio (e/L) from 0.0 to 0.10 resulted in a growth of the average story drift by about 28.81%, 11.80% and 26.12% for NSC, HSC and VHSC respectively, while increasing the eccentricity ratio (e/L) from 0.10 to 0.15 resulted in a growth of the average story drift by about 6.75%, 3.97% and 0.74% for NSC, HSC and VHSC respectively, while increasing the eccentricity ratio (e/L) from 0.15 to 0.20 resulted in a growth of the average story drift by about 2.73%, 10.81% and 1.32% for NSC, HSC and VHSC respectively. For Case-II, it can be seen that, increasing the eccentricity ratio (e/L) from 0.0 to 0.10 resulted in a growth of the average story drift by about 28.81%, 20.37% and 24.91% for NSC, HSC and VHSC respectively, while increasing the eccentricity ratio (e/L) from 0.10 to 0.15 resulted in a growth of the average story drift by about 6.75%, 5.15% and 5.10% for NSC, HSC and VHSC respectively. Increasing the eccentricity ratio (e/L) from 0.15 to 0.20 resulted in a growth of the average story drift by about 2.73%, 7.05% and 7.24% for NSC, HSC, and VHSC respectively. Under the artificial earthquake of Egypt for Case-I and Case-II, for Example-1, increasing the eccentricity ratio (e/L), generally increased the story drift along the height of the building for different concrete strength with a similar response as that under El Centro earthquake. For Case-II, it can be seen that, increasing the eccentricity ratio (e/L) from 0.0 to 0.10 resulted in a growth of the average story drift by about 10.11%, 38.70% and 14.23% for NSC, HSC and VHSC respectively, while increasing the eccentricity ratio (e/L) from 0.15 to 0.20 resulted in a growth of the average story drift by about 5.23%, 1.94% and 7.27% for NSC, HSC and VHSC respectively.
For Example-2, increasing the eccentricity ratio (e/L), generally increased the story drift along the height of the building for different concrete strength. The drift response of Example-2 is approximately similar to the result of Example-1. It can be seen that, for Case-II under the artificial earthquake in Egypt, increasing the eccentricity ratio (e/L), generally increased the story drift along the height of the building for different concrete strength. It can be seen that, increasing the eccentricity ratio (e/L) from 0.0 to 0.10 resulted a growth in the average story drift by about 25.92%, 29.21% and 22.58% for NSC, HSC and VHSC respectively, while increasing the eccentricity ratio (e/L) from 0.10 to 0.15 resulted a growth in the average story drift by about 13.24%, 3.20% and 8.50% for NSC, HSC and VHSC respectively. Increasing the eccentricity ratio (e/L) from 0.15 to 0.20 resulted in a growth in the average story drift by about 11.24%, 27.42% and 25.39% for NSC, HSC, and VHSC respectively.
Effect of (e/L) Ratio on the Story Shear
As can be seen from Tables 5 to 12 , for the studied Example-1 and Example-2, for Case-I and Case-II, increasing the eccentricity ratio (e/L) resulted in a reduction in the average story shear. This can be attributed to the reduced cross-sections of shear wall W 2 of the building as a result of increasing the eccentricity ratio (e/L). For Case-I of Example-1, increasing (e/L) from 0.0 to 0.10 resulted in a reduction in the average story shear by about 1.30%, 9.18% and 11.75%, for NSC, HSC, and VHSC, respectively, while increasing (e/L) from 0.10 to 0.15 resulted in a reduction in the average story shear by about 4.69%, 4.93% and 6.20%, for NSC, HSC, and VHSC, respectively. Increasing (e/L) from 0.15 to 0.20 decreased the average story shear by 11.88%, 11.25%, and 10.73%, respectively. For Case-II of Example-1, increasing (e/L) from 0.0 to 0.10 resulted in a reduction in the average story shear by 1.30 %, 4.21 %, and 6.33 %, for NSC, HSC, and VHSC, respectively, while increasing (e/L) from 0.10 to 0.15 resulted in a reduction in the average story shear by 4.49 %, 4.93 %, and 5.36 %, for NSC, HSC, and VHSC, respectively. Increasing (e/L) from 0.15 to 0.20 decreased the average story shear by relatively small values 11.88%, 5.47% and 7.61%, respectively. The same trend is observed for Case-I and Case-II of Example-1, under the artificial earthquake of Egypt. For Example-2, the shear response is approximately similar to that of Example-1. For Case-I of Example-2, it can be seen that, increasing (e/L) from 0.0 to 0.10 resulted in a reduction of the average story shear by about 6.87%, 10.91% and 14.44% for NSC, HSC and VHSC respectively, while increasing (e/L) from 0.10 to 0.15 resulted in a reduction of the average story shear by about 5.60%, 8.35% and 5.21% for NSC, HSC and VHSC respectively. Increasing the eccentricity ratio (e/L) from 0.15 to 0.20 resulted in a reduction of the average story shear by about 11.73%, 0.71%, and 6.48%, respectively. For Case-II, increasing (e/L) from 0.0 to 0.10 resulted in a reduction of the average story shear by about 6.87%, 9.97% and 13.49% for NSC, HSC and VHSC respectively, while increasing (e/L) from 0.10 to 0.15 resulted in a reduction of the average story shear by about 5.60%, 8.33% and 5.40% for NSC, HSC and VHSC respectively, while increasing (e/L) from 0.15 to 0.20 resulted in a reduction of the average story shear by about 11.73%, 1.97% and 4.58%, respectively.
6-EVALUATION OF THE SELF METHODS WHEN APPLIED TO NSC AND HSC MULTISTORY BUILDINGS
The values of the story shear calculated from the SELF methods of ASCE/SEI 7-16, EC-8 and ECL-2012 for Example-1and Example-2 are compared in Tables 5 to 12 with the values calculated under EL Centro and the artificial earthquake of Egypt for the studied different (e/L) ratio. This comparison showed that the story shear calculated using the SELF method of ASCE/SEI 7-16 and EC-8 are safe and conservative for all concrete strength cases for the studied two examples with different e/L ratio. It should be noted that the story shear forces predicated by SELF methods of ASCE/SEI 7-16 and EC-8 are very conservative for example-2, while for Example-1 these predications were just conservative. The SELF method of ECL-2012 is unconservative for the upper stories of some cases of HSC, and VHSC of Example-1 and conservative for all cases of Example-2 as shown in Table (7) and Table ( 8) . This showed that, the story shear calculated using the SELF method of ECL-2012 may lead to unsafe results when applied to NSC, HSC and VHSC torsionally asymmetric multistory buildings with the studied different (e/L) ratio.
7-CONCLUSIONS
Based on the results of this study on the seismic behavior of torsionally asymmetric 3-D multistory buildings constructed from NSC (f c ' = 25 MPa), HSC (f c ' = 75 MPa) and VHSC (f c ' = 100 MPa) for the studied different (e/L) ratios ( 0.10, 0.15 and 0.20), the following can be concluded: 1) Increasing the design concrete strength from NSC to HSC generally reduces the average story displacement and the average story drift along the height of 3-D torsionally asymmetric multistory buildings for the studied different (e/L) ratio. Increasing the design concrete strength to VHSC may cause an increase in the average story displacement and the average story drift (compared to the case of HSC) especially in the upper stories because of the mixed action of increasing the concrete strength and the reduction of the columns cross-sections in the upper stories due to the reduction in the column vertical loads. 2) The average story shear generally decreases with increasing the design concrete strength from NSC to VHSC (without a clear trend) for torsionally asymmetric multistory buildings with the studied different (e/L) ratio. 3) Increasing the studied eccentricity ratio (e/L), generally increases the story displacement and the story drift and reduces the story shear along the height of the studied building examples for different cases of concrete strengths. 4) The limits of the story drift adopted by EC-8, ASCE/SEI 7-16 and ECL-2012 are conservative when applied to NSC, HSC, and VHSC torsionally asymmetric buildings with the studied different (e/L) ratio. 5) The SELF methods of ASCE/SEI 7-16 and EC-8 are safe and conservative for all the studied cases of NSC, HSC, and VHSC torsionally asymmetric buildings with the studied different (e/L) ratio. 6) The SELF method of ECL-2012 is unconservative for some cases (especially for the upper stories) when applied to NSC, HSC, and VHSC torsionally asymmetric multistory buildings for the studied different (e/L) ratio, and consequently, it is recommended that this method should not be used for these cases. Table 3 . Comparison between the maximum values of the story drift of Example-1 required by ASCE/SEI 7-16, EC-8 and ECL-2012 and that calculating using the dynamic analysis. Table 4 . Comparison between the maximum values of the story drift of Example-2 required by ASCE/SEI 7-16, EC-8 and ECL-2012 and that calculating using the dynamic analysis. Table 5 . Comparison between the values of the story shear calculated using the SELF method of ASCE/SEI 7-16 and EC-8 and that from time history analysis of EL-Centro earthquake for Case-I of Example-1. Table 8 . Comparison between the values of the story shear calculated using the SELF method of ECL-2012 and that from time history analysis of the artificial earthquake of Egypt for Case-II of Example-1. Table 9 . Comparison between the values of the story shear calculated using the SELF method of ASCE/SEI 7-16 and EC-8 and that from time history analysis of EL-Centro earthquake for Case-I of Example-2. Table 10 . Comparison between the values of the story shear calculated using the SELF method of ASCE/SEI 7-16 and EC-8 and that from time history analysis of EL-Centro earthquake for Case-II of Example-2. Table 11 . Comparison between the values of the story shear calculated using the SELF method of ECL-2012 and that from time history analysis of the artificial earthquake of Egypt for Case-I of Example-2.
